A purified pectate lyase isozyme derived from Erwinia chrysanthemi induced rapid net K efflux and H' influx in suspension-cultured tobacco cells. Comparable fluxes of other ions (Na', C1l) were not observed. The K' efflux/H' influx response began within 15 minutes after addition of enzyme to cell suspensions and continued for approximately I hour after which cells resumed the net H' efflux exhibited prior to enzyme treatment. The response was not prolonged by a second enzyme dose 1 hour after the first. The K'/H' response was characterized by saturation at low enzymic activity (2 x 10' units per milliliter), and inhibition by the protonophore, carbonyl cyanide m-chlorophenylhydrazone, and was not associated with membrane leakiness caused by structural cell wall damage. The total K' loss and H' uptake induced by enzyme was one-fourth to one-third that induced by Pseudomonas syringe pv. pisi and did not reduce cell viability. (5) found that Erwinia rubrifaciens mutants which were unable to induce a HR in tobacco still produced large quantities of pectate lyase. It was concluded that this enzyme was not sufficient to induce a HR. Another complicating factor in the interpretation of these data is the well known ability of pectic enzymes to kill plant cells via cell wall structural damage and subsequent membrane leakiness due to osmotic fragility (7). If pectic enzymes are involved in hypersensitive cell death, this activity must be distinguished from these nonspecific effects of cell wall degradation. Finally, it has been recently reported that low levels of a pectate lyase from Erwinia chrysanthemi suppress both the multiplication and HR inducing activity of Pseudomonas syringae pv. pisi in tobacco. These activities appear to be mediated by a heat-stable factor(s) released from tobacco cell walls by the enzyme (6).
Pectic enzymes are produced by a large number of plant pathogenic bacteria and fungi and appear to play important roles in cell wall penetration and tissue maceration (8) . Evidence is growing that these enzymes possess additional activities as elicitors of host defense mechanisms. Synthesis of phytoalexins can be induced in several hosts by pectic enzymes (1 1, 14, 16, 19, 21, 28) from various sources. A pectic enzyme has also been shown to elicit synthesis of proteinase inhibitor proteins in tomato which are believed to provide protection against insect pests (10, 28) . In these cases, elicitor activity resides in oligosaccharides released from the host cell wall by the enzyme. Although an oligosaccharide elicitor has not been implicated, a crude mixture of plant cell wall degrading enzymes has been shown to induce ethylene synthesis in tobacco (1) . Other reports have associated ethylene production with pathogen defense reactions (23) fense mechanisms (12, 24) .
Pectic enzymes may also be involved in both the expression and the suppression of the HR3. Other reports have correlated pectate lyase (17) or polygalacturonase (18) activity with hypersensitive-like reactions. However, Azad and Kado (5) found that Erwinia rubrifaciens mutants which were unable to induce a HR in tobacco still produced large quantities of pectate lyase. It was concluded that this enzyme was not sufficient to induce a HR. Another complicating factor in the interpretation of these data is the well known ability of pectic enzymes to kill plant cells via cell wall structural damage and subsequent membrane leakiness due to osmotic fragility (7) . If pectic enzymes are involved in hypersensitive cell death, this activity must be distinguished from these nonspecific effects of cell wall degradation. Finally, it has been recently reported that low levels of a pectate lyase from Erwinia chrysanthemi suppress both the multiplication and HR inducing activity of Pseudomonas syringae pv. pisi in tobacco. These activities appear to be mediated by a heat-stable factor(s) released from tobacco cell walls by the enzyme (6) .
Little is known about the molecular mechanisms by which these various responses to pectic enzymes are triggered. A related question is whether each defense response is triggered independently or whether multiple responses occur as a result of some early common induction process. The elucidation of these questions requires an understanding of very early host responses to pectic enzymes. We have conducted a study of such a response.
It has recently been reported that induction of the HR in tobacco by P. syringae pv. pisi is associated with the activation of a specific host plasmalemma K+ efflux/H' influx exchange (3) Inoculation of tobacco cells with Pseudomonas syringae pv. pisi was performed as previously described (3) . The induction of nonspecific electrolyte loss from tobacco cells by pectate lyase was demonstrated in 10 mm Tris-HCI and 0.5 mM CaC12 (pH 8.5) instead of the standard assay medium. Other assay conditions were as described for pH 6 .0 assays except that the 90 min preincubation period prior to enzyme treatment was omitted. Electrolyte loss from tobacco cells was followed by measuring conductivity of the assay medium. K+, Na+, and Cl-were determined as described above. Viability of tobacco cells was determined by Evans blue exclusion (16 (3) (Fig. 3) . The two responses were not additive; the addition of pectate Iyase to tobacco cells exhibiting the K4/H' response to bacteria did not increase net H4 uptake rates (Fig. 3) . Similar results were obtained for K4 efflux (MM Atkinson, unpublished data).
Nonspecific Electrolyte Loss. To distinguish the K4/H' response from nonspecific electrolyte loss due to cell wall breakdown, enzyme dose response, ion specificity and sensitivity to osmolarity were compared for the two phenomena. Because of the relatively high enzymic activity required, nonspecific electrolyte loss was studied at pH 8.5. PLc activities below 1.5 x 1o-2 units/ml induced little or no electrolyte loss (Fig. 4) We cannot presently explain the transient nature of the K+/ H' response. Since the response stops in the presence of active enzyme, an altered host physiology may be responsible. Alternatively, if PLc releases host cell wall fragments of a specific size which elicit the K+/H' response, continued enzymic degradation may destroy elicitor activity and thereby stop the response. This possibility is currently being investigated.
The specificity and rapidity of K+ and H+ fluxes suggest that transport requires specific plasmalemma proteins. A pathological alteration of plasmalemma ATPase function may be involved but we have no evidence for or against this. The opening, closing and direction of ion flux through K+ and other ion channels appears to be regulated by complex factors including ligand binding, cell membrane potential and internal and external membrane environment (9, 20, 27) . The data presented here appear consistent with the existence of a K+ channel which transiently opens during pectate lyase treatment. However, the elucidation of actual molecular events leading to the K'/H' response will require further investigation.
